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1
DETECTION OF PEOPLE RELATIVE TO A
PASSENGER CONVEYOR WITH A
CAPACITIVE SENSOR

BACKGROUND

The present invention relates generally to passenger con-
veyors and, more particularly, to systems for detecting a per-
son’s position relative to the passenger conveyor.

Passenger conveyors, such as escalators and moving walk-
ways, are used to efficiently convey passengers from a first
location to a second location. A typical escalator comprises a
plurality of moving steps that are linked together and attached
to chains that travel over a pair of sprockets at each end of the
escalator, one of which is driven by a machine. A balustrade
flanks each side of the moving steps, and each balustrade
includes a moving handrail that moves simultaneously with
the steps. A typical moving walkway contains many of the
same components as the escalator, except that the walkway is
substantially flat rather than inclined and uses pallets instead
of steps.

Passenger sensing systems have been used to either cease
or trigger operation of the passenger conveyor for safety
reasons, maintenance reasons, or energy-cost savings. Typi-
cally these passenger sensing systems have used multiple
sensors at the entrance and exit gates or along the length of the
passenger conveyor in order to detect whether there is a
person approaching the entrance and exit gates or riding on
the passenger conveyor. These sensors have been optical sen-
sors, infrared sensors, piezoelectric sensors, or RF transmit-
ters. Because the number of sensors required increases as the
length of the passenger conveyor increases, these systems can
be prohibitively expensive to install and maintain.

SUMMARY

The present invention is a system for detecting a person
relative to a passenger conveyer. The system includes a driv-
ing circuit for supplying an oscillating drive signal, a capaci-
tive sensor having a first electrode configured to produce an
electric field toward a second electrode in response to the
oscillating drive signal, a detection circuit connected to the
capacitive sensor to sense changes in capacitance of the
capacitive sensor, and a controller. When a person disrupts the
electric field between the first and second electrodes, the
detection circuit senses a change in capacitance of the capaci-
tive sensor and produces an output as a function of capaci-
tance. Based on the change sensed by the detection circuit, the
controller selectively adjusts an operation mode of the pas-
senger conveyor, such as by controlling the passenger con-
veyor to start, slow down, speed up, stop, or prevent starting.

The present invention has at least two applications: detect-
ing a person between the balustrades of the passenger con-
veyor and detecting a person within the machine room of the
passenger conveyor. To detect a person between balustrades
of'the passenger conveyor, an electrical signal is supplied to a
first electrode on a first balustrade to generate an electric field
in the space between the first electrode and a second electrode
on a second balustrade opposite the first balustrade. When a
passenger is present on the passenger conveyor, a change in
capacitance between the first and second electrodes is
detected. The operation of the passenger conveyor is con-
trolled as a function of the capacitance change detected. To
detect a person in the machine room of the passenger con-
veyor, an electrical signal is transmitted to a sense wire
located in the machine room to create an electric field
between the wire and an electrically isolated component
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within the machine room. The presence of a person in the
machine room will disrupt the electric field and change the
capacitance between the sense wire and the component. This
change in capacitance is detected using a detection circuit,
and operation of the passenger conveyor is controlled as a
function of the capacitance change detected.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of a passenger conveyor,
including machine rooms housing portions of the drive sys-
tem of the passenger conveyor.

FIG. 2 is ablock diagram of a detection system foruse with
a passenger conveyor according to an embodiment of the
present invention.

FIGS. 3A-3F are diagrams illustrating exemplary operat-
ing modes of the detection system of the present invention.

FIGS. 4A-4C are diagrams illustrating exemplary configu-
rations of conductive material on the balustrade of the pas-
senger conveyor.

FIG. 5 is a diagram illustrating alternative configurations
of electrodes on a passenger conveyor.

DETAILED DESCRIPTION

The present invention concerns the detection of a person’s
location relative to a passenger conveyor, such as an escalator,
moving walkway, or the like. FIG. 1 is a perspective view of
escalator 10, which includes first landing 12, second landing
14, a continuous loop of steps 16, handrails 18, balustrades 22
defining a passenger riding area therebetween, drive system
24, and machine rooms 26, 28. Steps 16 extend from first
landing 12 to second landing 14. Balustrades 22 extend along
the side of steps 16 from first landing 12 to second landing 14,
and handrails 18 are slidingly engaged with each balustrade
22. Drive system 24 is configured to drive steps 16 and hand-
rails 18 at a constant speed and in synchrony with one another.
A first portion of drive system 24 is located in machine room
26 and a second portion of drive system 24 is located in
machine room 28.

The present invention concerns the detection of a person’s
location relative to escalator 10. At any given time, a person
may be located in the passenger riding area between balus-
trades 22 whileriding along escalator 10, or may be located in
machine rooms 26, 28 or between balustrades 22 while pro-
viding maintenance assistance while the escalator is not mov-
ing. Based on the location of a person, it may be desirable to
start or stop drive system 24, or to prevent drive system 24
from starting, for efficiency and safety reasons. The present
invention detects a person’s location relative to escalator 10
using electric fields and transmits that information to a detec-
tion circuit in order to determine whether it is necessary to
start or stop drive system 24.

FIG. 2 is a block diagram of detection system 30 according
to an embodiment of the present invention. Detection system
30 includes drive circuit 32 (which includes oscillator 34,
amplifier 36, mode selector 37 and impedance matching net-
work 38), capacitive sensor 40 and detection circuit 42.
Detection circuit 42 includes comparator 44 and controller 45
and is in communication with logic circuit 46 of escalator 10.

Controller 45 supplies current to oscillator 34, which gen-
erates electrical signal 50. Control signals from controller 45
are also routed to mode selector 37 to command mode selec-
tor 37 to drive capacitive sensor 40 in one of three modes:
absorption mode, transmission mode, or loading mode.

Oscillator 34 is typically either a crystal-based (piezoelec-
tric) oscillator or is driven directly by an output of controller
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45. Oscillator 34 can operate in the range of 100 kHz to 1
MHz, but preferably operates between 100-150 kHz. Electri-
cal signal 50 created by oscillator 34 is a low-power oscillat-
ing drive signal, which is limited to a power of less than 500
mW. Electrical signal 50 is amplified by amplifier 36 and
transmitted to capacitive sensor 40 through mode selector 37
and impedance matching network 38, which may be imple-
mented with one or more varactors in an exemplary embodi-
ment Impedance matching network 38 is controlled by an
output of controller 45 and ensures that electrical signal 50 is
efficiently delivered to capacitive sensor 40, despite varying
capacitance of sensor 40. Electrical signal 50 is applied to
capacitive sensor 40 to create static electric field 52 between
first electrode 54 and second electrode 56 of capacitive sensor
40.

When person 57 is located between first electrode 54 and
second electrode 56, a perturbation occurs in the quasi-static
electric field 52. This perturbation is detectable by detector
circuit 42. Detection circuit 42 includes comparator 44 and
controller 45, in communication with logic system 46. Based
on an output received from capacitive sensor 40, comparator
44 outputs a difference in voltage between first electrode 54
and second electrode 56 to controller 45. Controller 45 is a
microprocessor that executes algorithms that are used to pro-
cess the output from comparator 44. These algorithms pro-
cess the output from comparator 44, using several detection
modes in some embodiments (discussed in detail below with
respect to FIGS. 3A-3F), to search for patterns and differ-
ences in the capacitance over time to indicate the presence of
a person, multiple people, or other conditions. Controller 45
communicates with logic system 46. Based on the detected
changes in capacitance of capacitive sensor 40, controller 45
and logic system 46 determine whether a change in the opera-
tion mode of passenger conveyor is needed (i.e. to start, stop
or slow the passenger conveyor, or even prevent the passenger
conveyor from starting).

This system operates on the premise that a person’s dielec-
tric constant is significantly higher than the dielectric con-
stant of air. The equation for capacitance is as follows:

C:‘grEOEa

where C is capacitance in farads, €, is the dielectric constant
(or relative permittivity) of an object between first electrode
54 and second electrode 56, &, is the permittivity in a vacuum
(8.854x107'2 F/m), A is the area that first electrode 54 and
second electrode 56 overlap in square meters, and d is the
distance between first electrode 54 and second electrode 56 in
meters. For air, the dielectric constant €, is approximately
1.00. For humans, the dielectric constant €, is roughly
between 60 and 90 depending on various factors. Therefore,
the capacitance of the capacitive sensor 40 will change sig-
nificantly when a human is between first electrode 54 and
second electrode 56. This change in capacitance will be
detected by detection circuit 42. Materials that are closer to
the dielectric constant of air, such as paper (€,=3.5) or rubber
(€,=7), will not cause as great of a change of capacitance and
thus may not be detectable (although some scientific texts
indicate that experimentation has shown that capacitive
changes as small as 0.05x107'® F can be detected).

As was mentioned above, capacitive sensor 40 and detec-
tion circuit 42 may operate in any of three detection modes.
These modes are absorption (or shunt) mode, transmission
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mode, and loading mode. FIGS. 3A-3F are diagrams illus-
trating these three detection modes in detail.

FIGS. 3A-3B show capacitive sensor 40 in absorption
mode. First electrode 54 produces electric field 52 (e.g., a
quasi-static electric field) toward second electrode 56. When
no body is present between first electrode 54 and second
electrode 56, second electrode 56 receives electric field 52 at
a steady-state intensity (with a portion of electric field 52
being shunted to ground). When body 57 (such as a person or
other object) is present between first electrode 54 and second
electrode 56, as shown in FIG. 3B, electric field 52 is per-
turbed so that second electrode 56 receives a weaker electric
field 52, as a portion of electric field 52 is shunted through
body 57 to ground and does not reach second electrode 56.

FIGS. 3C-3D show capacitive sensor 40 in transmission
mode. First electrode 54 produces electric field 52 (e.g., a
quasi-static electric field) towards second electrode 56 (with
a portion of electric field 52 being shunted to ground). When
no body is present between first electrode 54 and second
electrode 56, the capacitance between first electrode 54 and
second electrode 56 has a fixed value. When body 57 (such as
a person or other object) is present between first electrode 54
and second electrode 56, as shown in FIG. 3D, the field
producer becomes the combination of first electrode 54 and
body 57 capacitively coupled to one another, and the capaci-
tance between this field producer and second electrode 56
varies depending on the characteristics and location of body
57.

FIGS. 3E-3F show capacitive sensor 40 in loading mode.
First electrode 54 produces electric field 52 (e.g., a quasi-
static electric field), at least a portion of which is shunted to
ground (second electrode 56 does not function as capacitive
sensor in this mode). When body 57 (such as a person or other
object) is present adjacent first electrode 54 (i.e., between first
electrode 54 and second electrode 56), as shown in FIG. 3F,
electrical field 52 is perturbed and shunted to ground through
body 57, resulting in a detectable loading effect that varies
with the capacitance between first electrode 54 and body 57,
based on the characteristics and location of body 57. Second
electrode 56 could also produce an electric field in this mode
instead of or in addition to first electrode 54.

There are at least two applications for use of this technol-
ogy in a passenger conveyor: detecting a person on escalator
10 (particularly between balustrades 22) and detecting a per-
son in machine room 26, 28. The circuitry described above
and shown in FIG. 2 is applicable to both of these applica-
tions, with slight variations in the realization of capacitive
sensor 40. Where the person being detected is a passenger on
escalator 10, balustrades 22 form or support first and second
electrodes 54, 56 of capacitive sensor 40. Where the person
being detected is a maintenance person in machine rooms 26,
28, a sense wire acts as first electrode 54 and the grounded
machinery acts as second electrode 56 to form capacitive
sensor 40. The specifics of each of these applications will be
discussed in further detail below.

In order to detect a person between balustrades 22 of a
passenger conveyor, with balustrades 22 forming capacitive
sensor 40, a conductive material is applied to each balustrade
22 to create capacitive sensor 40. This is particularly appli-
cable to balustrades 22 having non-conducting surfaces, such
as glass surfaces. It is important that the conductive material
be spaced sufficiently away from any metallic portions sur-
rounding the non-conductive surfaces of balustrades 22, since
these metallic portions act essentially as a ground. If the
conductive material is too close to metallic portions, electri-
cal signals could be shunted to these grounded metallic por-
tions and thus the range and sensitivity of the detection sys-
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tem be decreased. It is allowable, however, that a limited
number of small sections of the detections system come close
to the conductive portions of the balustrade in order to make
necessary circuitry connections.

FIGS. 4A-4C are diagrams illustrating several exemplary
ways that a conductive material 60 can be applied to non-
conducting surface 62 of balustrade 22 in order to create
capacitive sensor 40. F1G. 4A shows an embodiment in which
a mesh or transparent conductive film 60a is laminated to
non-conducting surface 62 of balustrade 22. This mesh or
transparent conductive film 60a may be applied during manu-
facture of non-conducting surface 62 or could be later applied
to non-conducting surface 62 in order to retro-fit existing
passenger conveyors. FIG. 4B shows an embodiment in
which the glass itself includes conductive elements 605
formed in the glass manufacturing process. FIG. 4C shows an
embodiment in which conductive decals 60c are attached to
the non-conducting surface 62. While other methods may be
used to apply conductive material 60 to non-conducting sur-
face 62 of each balustrade 22, it is important that conductive
material 60 does not come too close to any of the metallic
portions surrounding the non-conducting surface 62, since
these metallic portions essentially act as a ground. If conduc-
tive material 60 comes too close to these grounded areas, the
signal could be shunted to these grounded areas, which would
result in decreased sensitivity and range. For applications
where balustrade 22 is metallic, it would need to be electri-
cally isolated from the opposite balustrade 22.

As discussed above, the area of balustrades 22 (more par-
ticularly, the surface area of conductive material 60 disposed
on balustrades 22) directly affects the change in capacitance
(and thus the detection sensitivity) when a person comes close
to or between balustrades 22. On longer escalators, the length
of'the conductive surface can become somewhat resonant and
acts like an antenna. In such cases, a propagating electric field
may exist on balustrades 22 and interfere with surrounding
electronic devices. In such applications, conductive surface
60 can be split into two or more sections on each interior
surface of the balustrade 22, as illustrated by optional divid-
ing line 63. Adding a multiplexer to detection circuitry 42
would allow the multiple sections to communicate with the
other components of detection circuit 42. Alternatively, mul-
tiple comparators 44 could be used to allow the sections to
communicate with controller 46.

In operation, when a change in capacitance is detected by
capacitive sensor 40 due to the presence of a person on esca-
lator 10, detection circuit 42 may determine whether to
change operation of escalator 10. For instance, as a person
approaches escalator 10 and enters the space between balus-
trades 22, escalator 10 can “wake up” from a low power or
energy saving mode, and enter a regular transport mode,
either immediately or gradually from a slower speed. If a
person is on escalator 10 and there is an emergency, escalator
10 can enter a gentle stop mode in order to keep from stopping
abruptly. Also, if aperson is located on a stopped escalator 10,
detection of the person can be used to avoid starting escalator
10.

Detection system 30 can also be used to detect a person in
machine rooms 26, 28. Machine rooms 26, 28 are each
located adjacent steps 16 and balustrade 22 (as shown in FIG.
1). In order to detect a person in machine rooms 26, 28, drive
system 24 and/or other electrically conductive components
within each machine room 26, 28 are grounded. A sense wire
(not shown) is installed in the machine room 26, 28 (prefer-
ably at mid-height) and is ground-isolated, to form first elec-
trode 54. The grounded components form second electrode
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56. The same circuitry discussed above with respect to FIG. 2
is also used to create electric field 52 for the machine room
application.

When there is no one in machine room 26, the capacitance
between the sense wire and the grounded components, such
as drive system 24, is constant. When a person or another
object enters machine room 26, the capacitance between the
sense wire and the grounded components, such as drive sys-
tem 24, changes due to the difference between the dielectric
constant or permittivity of a person and that of air. This
change in capacitance is detected by detection circuit 42 in the
same or a similar manner as described above with respect to
FIG. 2. If a person is detected in machine room 26, operation
of'escalator 10 is disabled (i.e. all power is cut to the motor to
ensure that no parts are moving).

Each of these two applications (i.e. creating a capacitive
sensor between the balustrades or in a machine room) may
use separate circuitry configured as shown in FIG. 2, or they
may share circuitry. Additional circuitry and sensors, which
are known in the art, may also be included in order to circum-
vent the deleterious effects that changes in certain conditions
(e.g. temperature and humidity) could have on the capaci-
tance sensing arrangement.

FIG. 5 is a diagram illustrating alternative configurations
of'electrodes on a passenger conveyor to implement the detec-
tion system of the present invention. First electrode 54 and
second electrode 56 (FIG. 2) may be located on balustrades
22 (as shown at locations 70a and 705), may be located on the
inner decking of the passenger conveyor (as shown at loca-
tions 72a and 725), may be located on the inner skirt of the
passenger conveyor (as shown at locations 74a and 74b), or
may be located at a combination of one or more of these
locations. Suitable electrical isolation of the electrodes is
needed to achieve the capacitive sensing functionality of the
detection system in any of these configurations. Steps 16, or
steps 16 and their accompanying step chains, are used in
exemplary embodiments to provide an electrically isolated
connection to a fixed potential (such as ground), with an
electrode connected in order to implement the above-de-
scribed loading mode of detection.

While the invention has been described with reference to
an exemplary embodiment(s), it will be understood by those
skilled in the art that various changes may be made and
equivalents may be substituted for elements thereof without
departing from the scope of the invention. In addition, many
modifications may be made to adapt a particular situation or
material to the teachings of the invention without departing
from the essential scope thereof. Therefore, it is intended that
the invention not be limited to the particular embodiment(s)
disclosed, but that the invention will include all embodiments
falling within the scope of the appended claims.

The invention claimed is:

1. A system for detecting a person relative to a passenger
conveyer having a structural component and a passenger
riding area, the system comprising:

a driving circuit for supplying an oscillating drive signal;

a capacitive sensor having a first electrode configured to
produce an electric field toward a second electrode in
response to the oscillating drive signal;

a detection circuit connected to the capacitive sensor that
senses a change in capacitance of the capacitive sensor
and produces an output as a function of capacitance; and

a controller responsive to the detection circuit output to
selectively adjust an operation mode of the passenger
conveyor;
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wherein the first and second electrodes are disposed on
portions of the passenger conveyor structural compo-
nent on opposite sides of the passenger riding area, and
wherein a change in capacitance is caused by the pres-
ence of a person in the electric field between the firstand >
second electrodes;
the driving circuit further comprising:
an oscillator for creating an oscillating drive signal;
an amplifier connected to the oscillator to amplify the
oscillating drive signal;
an impedance matching network connected between the
amplifier and the capacitive sensor; and
a mode selector operable to drive the capacitive sensor in a
selected mode.
2. The system of claim 1, wherein the oscillator has a
frequency of 100 kHz to 1 MHz.
3. The system of claim 1, wherein the oscillator has a
frequency of 100 kHz to 150 kHz.

4. The system of claim 1, wherein the detection circuit ,,

comprises: a comparator configured to sense the change in
capacitance of the capacitive sensor and produce the output as
a function of capacitance of the capacitive sensor.
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5. The system of claim 1, wherein

the passenger conveyor structural component is a balus-
trade, and the first electrode comprises a conducting
surface of the balustrade on one side of the passenger
riding area, and the second electrode comprises a con-
ducting surface of the balustrade on the opposite side of
the passenger riding area.

6. The system of claim 5, wherein the balustrade is formed
from a non-conducting material and a conductive material is
disposed on a surface thereof on opposite sides of the passen-
ger riding area.

7. The system of claim 6, wherein the non-conducting
material is glass.

8. The system of claim 6, wherein the conductive material
is adhered to the surface of the non-conducting balustrade.

9. The system of claim 6, wherein the conductive material
is formed integrally with the non-conducting balustrade.

10. The system of claim 6, wherein the conductive material
is divided into multiple sections.

11. The system of claim 10, wherein a multiplexer connects
the sections to transmit the output of the capacitive sensor to
the detection circuit.



